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XBTIOPTAL ADVISORY COMIIITTEE FOB AXROFAUTICS 

REP OBT 

GEHL'EELLL TBBK T'GSTS O B  THE HYDBODYrJAiiiIC CSABACTERISTICS 

OF F9UB PLYIKG-BOAT HULL MODELS OF DIFFERING 

LENGTE-BEAiI RATIO 

By Kenneth S. 14. Davidson  and F. If. S. Locke,  Jr. 

The m a i n  p u r p o s e  o f  t h i s  r e p o r t  i s  t o  p r e s e n t  t h e  
r e s u l t s  o f  " g e n e r a l "  t e s t s  on t h e  hydrodynamic  c h a r a c t e r -  
i s t i c s  o f  f o u r  r e l a t e d  f l y l n g - b o a t  h u l l  n o d e l s  o f  d i f f e r -  
i n g  length-beam r a t i o .  

Ev idence  a v a i l a b l e  b e f o r e  t h e  work was s t a r t e d  i n -  
d i c a t e d  t h a t  l e n g t h - b e a n  r a t io  h a d  i m p o r t a n t  e f f e c t s  on 
r e s i s t a n c e  and s u g g e s t e d  t h a t  i t  might  h a v e  i m p o r t a n t  e f -  
f e c t r  O i l  most o f  t h e  hydrodynamic c h a r a c t e r i s t i c s .  The 
p r e s e n t  i n v e s t i g a t i o n  a c c o r d i n g l y  i n c l u d e d  c o n s i d e r a t i o n  
of f i v e  d i f f e r e n t  c h a r a c t e r i s t i c s ,  i n  a n  e f f o r t  t o  g a i n  
p e r s p e c t i v e  and  t o  d e t e r m i n e  which c h a r a c t e r i s t i c  were 
govern i l lg .  The f o l l o w i n g  were s t u d i e d :  

(a> R e s i s t a n c e  

( b )  P o r p o i s i n g  

( c )  i;ain f o r e b o d y  s p r a y  b l i s t e r  

( d )  B o w  spyay  i n  rough water  ( w i n d s h i e l d  w e t t i n g )  

( e )  Yawing s t a b i l i t y  n e a r  hump s p e e d s  

The t e s t s  were  rriade by methods d e s c r i b e d  i n  p r e v i o u s  r e -  
p o r t s  o f  t h e  S t e v e n s  Exper imen ta l  Towing Tank, and  c o v e r e d  
r a n g e s  o f  l o a d  and speed  which an  e a r l i e r  a n a l y s i s  of 
p a s t  p r a c t i c e  had i n d i c a t e d  t o  b e  o f  i n t e r e s t  f r o m  a p r a c -  
t i c a l  p o i n t  o f  v iew;  v a l u e s  o f  v e r e  
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p r o g r e s s i v e l y  i n c r e a s e d  a s  t h e  length-beam r a t i o  was i n -  
c r e a s e d .  The r e s u l t s  a r e  p r e s e n t e d  i n  t e r m s  of t h e  u s u a l  
NACA nond imens iona l  c o e f f i c i e n t s ,  which f a c i l i t a t e s  t h e i r  
a p p l i c a t i o n  i n  a n a l y s e s  o r  c o n p a r i s o n s  of d i f f e r e n t  s o r t s .  

Two compar i sons  a r e  p r e s e n t e d  t o  show t h e  s i g n i f i c a n c e  
of  length-beam r a t i o  u n d e r  a g i v e n  r e l a t i o n s h i p  o f  l o a d  t o  
s p e e d ,  one ( f i g .  2) f o r  models h a v i n g  t h e  same p l a n  for in  
a r e a  and t h e  o t h e r  ( f i g .  3) f o r  models h a v i n g  t h e  samebeam, 
These  c o m p a r i s o n s ,  f o r  r e a s o n a b l y  h i g h  bezm l o a d i n g s  on t h e  
b a s i s  of c u r r e n t  p r a c t i c e  (Ca = 1.00 f o r  L/b = 6.191, i n -  

0 d i c a t e  a g e n e r a l  improvement i n  t h e  hydrodynamic  c h a r a c t e r -  
i s t i c s  w i t h  i n c r e a s e  o f  length-beam r a t i o ,  i f  n o t  c a r r i e d  
t o o  f a r .  

I N T B O D U C T I O N  

The r a t i o  o f  l e n g t h  t o  beam i s  o b v i o u s l y  a m a j o r  con- 
s i d e r a t i o n  of p r o p o r t i o n i n g  i n  t h e  d e s i g n  of any t y p e  Of 
h u l l .  

The f l y i n g - b o a t  h u l l  i s  a s p e c i a l  t y p e  o f  h u l l ,  which 
o r d i n a r i l y  h a s  been  viewed a s  p r i m a r i l y  a p l a n i n g  h u l l ,  
and  o n l y  s e c o n d a r i l y  a s  a d i s p l a c e m e n t  h u l l ,  I n  a p l a n i n g  
h u l l ,  t h e  emphas is  h a s  u s u a l l y  been  p l a c e d  on beam (and  
d e a d  r i s e ) ;  w i t h i n  r e a s o n ,  t h e  l e n g t h  o f  a p l a n i n g  h u l l  i s  
r e l a t i v e l y  u n i m p o r t a n t  w h i l e  t h e  h u l l  i s  p l a n i n g .  The 
l e n g t h  becomes of m a j o r  i m p o r t a n c e  o n l y  a t  l o w  s p e e d s ,  be-  
f o r e  p l a n i n g  has been  e s t a b l i s h e d ,  where i t  can  a f f e c t  t h e  
p e r f o r n a n c e  m a t e r i a l l y ;  i t  a l s o  c o n t r o l s  t h e  s t a t i c  f l o -  
t a t i o n .  Thus ,  b r o a d l y  s p e a k i n g ,  t h e  c h o i c e  of t h e  l e n g t h  
and  t h e  c h o i c e  of  t h e  beam of a f l y i n g - b o a t  h u l l  a r e  gov- 
e r n e d  by d i f f e r e n t  c o n s i d e r a t i o n s .  B u t ,  once  b o t h  have  
b e e n  chosen  f o r  a p a r t i c u l a r  c a s e ,  t h e  r e s u l t  i s  a f i x e d  
h u l l  of g i v e n  l e n g t h  and g iven  beam, and  i t  i s  n e c e s s a r y  
t o  v i e w  t h i s  r e s u l t  i n  o v e r - a l l  f a s h i o n ,  c o n s i d e r i n g  b o t h  
p l a n i n g  and d i s p l a c e m e n t  s p e e d s ;  i t  i s  p r o p e r ,  a l s o ,  t o  
i n v e s t i g a t e  t h e  o v e r - a l l  e f f e c t s  of a l t e r i n g  t h e  r a t i o  be- 
tween  l e n g t h  and beam. 

I t  may o f t e n  b e  d e s i r e d  t o  e v a l u a t e  t h e  e f f e c t s  o f  
a l t e r i n g  l e n g t h  on a f i x e d  beam, o r  o f  a l t e r i n g  beam on a 
f i x e d  l e n g t h .  I n  b o t h  c a s e s  t h e  length-beam r a t i o  w i l l  b e  
changed .  But  i t  w i l l  be  c l e a r  t h a t  i f  t h e  same change  o f  
l ength-beam r a t i o  i s  made i n  b o t h  ways,  t h e  r e s u l t i n g  

. .  
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F ig .  1 

Cons tan t  beam 

Cons t a n t  1 eng t  h 

Cons t sn t  p l a n  f o r m  a r e a  

3 

Note: 
Conpar i sons  on t h e  b a s i s  of C o n s t a R t  P l a n  Form 

Area  a r e  b e l i e v e d  t o  e l i m i n a t e  ~ o s t  n e a r l y  t h e  e f f e c t s  o f  
d i f f e r e n c e s  of s i z e .  A con.par i son  of t h i s  t y p e ,  f o r  
t g n i c e l  c o n d i t i o n s  of l o a d  and s p e e d ,  i s  showc f o r  t h e  
n o d e l s  h e r o  c o n s i d e r e d ,  o n  F ig .  2 .  

An a d d i t i o n a l  comnar ison  i s  i n c l u d e d  on F i g .  3 
t o  b r i n g  out  d i f f e r e n c e s  r e s u l t i n g  f r o p  a f a i l u r e  t o  
e l i m i n n t e  s i z e  as a f a c t o r .  T h i s  compar i son ,  f o r  t h e  
same n o d e l s  and  l o a d i n g  c o n d i t i o n s ,  i s  on t h e  b a s i s  o f  
C o n s t a n t  Bean,; a compar ison  on t h e  bnsis o f  C o n s t a n t  
L e n g t h  would hayre s e r v e d  t h e  s a n e  p u r p o s e ,  

F i g u r e  1.- ChR,i:gees o f  l ength-beam r a t i o .  

P 
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h u l l s  a r e  c e r t a i n l y  of d i f f e r e n t  s l z e ,  wha teve r  r e a s o n a b l e  
d e f i n i t i o n  of s i z e  i s  adop ted .  ( S e s  f i g .  1 on  p.  3,) 

Changes o f  s i z e ,  u n d e r  t h e  same c o n d i t i o n s  of  l o a d  
and  s p e e d ,  a r e  w e l l  known t o  a f f e c t  t h e  hgdrodynamic  c h a r -  
a c t e r i s t i c s .  Hence t h e  t r u e  i n f l u e n c e  o f  l ength-beam 
r a t i o  as such  will n o t  b e  b rough t  out i f  changes  o f  s i z e  
c a n n o t  b e  e l i m i n a t e d .  T h i s  i s  n o t  an  e n t i r e l y  s t r a i g h t -  
f o r w a r d  m a t t e r ,  s i n c e  s i z e  can b e  d e f i n e d  i n  v a r i o u s  ways. 
However,  t h e  d e f i n i t i o n  r e c e n t l y  u s e d  by B e l l  ( r e f e r e n c e  
1)  i s  an e n t i r e l y  r e a s o n a b l e  one ,  and c e r t a i n l y  b e t t e r  
t h a n  m o s t  o t h e r s .  Accord ing  t o  t h i s  d e f i n i t i o n ,  t w o  
h u l l s  of d i f f e r i n g  length-beam r a t i o  a r e  s a i d  t o  h a v e  t h e  
same size when t h e y  have  t h e  saine p l a n  form a r e a ,  L X b. 

If  t h e  f o r e g o i n g  d e f i n i t i o n  o f  s i z e  i s  a d o p t e d ,  t h e  
p r o b l e m  of d e t e r m i n i n g  t h e  t r u e  i n f l u e n c e  o f  l ength-beam 
r a t i o ,  a p a r t  f r o m  t h e  i n f l u e n c e  o f  s i z e ,  i s  r e d u c e d  t o  
t h a t  o f  comparing t h e  hydrodynamic c h a r a c t e r i s t i c s  o f  
h u l l s  o f  d i f f e r i n g  length-beam r a t i o  which have  t h e  same 
L X b p r o d u c t ,  u n d e r  t h e  same c o n d i t i o n s  of  l o a d  and 
speed .  When t h i s  i S  done ,  t h e  l o a d  p e r  u n i t  p l a n  form 
a r e a  r ema ins  f i x e d ;  t h e  v a l u e s  of Cho i n c r e a s e ,  however ,  

w i t h  i n c r e a s i n g  v a l u e s  o f  L/b, t h e  r e l a t i o n s h i p  b e i n g  

3 1 2  
p r o p o r t i o n a l  t o  ( L / I I )  

CA 0 

A r e c e n t  a n a l y s i s  ( r e f e r e n c e  2 )  h a s  i n d i c a t e d  t h a t  an 
a v e r a g e  of a c t u a l  p r a c t i c e  i n  t h e  p a s t ,  i n c l u d i n g  b o t h  
f l y i n g - b o a t  h u l l s  and s e a p l a n e  f l o a t s  i n  a wide v a r i e t y  
of s i z e s  and d e s i g n s ,  i s  t o l e r a b l y  w e l l  r e p r e s e n t e d  by 
t h e  r e l a t i o n s h i p  

wh ich  can  b e  w r i t t e n  
3 

cn0 p r o p o r t i o n a l  t o  ( L / b )  

i n  which f o r m  i t  i s  d i r e c t l y  comparable  w i t h  e q u a t i o n  (1) 
and  shows t h a t ,  i n  f a c t ,  t h e  b e a n  l o a d i n g  h a s  b e e n  a l l o w e d  
t o  i n c r e a s e  w i t h  i n c r e a s i n g  v a l u e s  of L/b at  a r a t e  con- 
s i d e r a b l y  f a s t e r  ( t h i r d  power)  t h a n  t h a t  c o r r e s p o n d i n g  t o  
c o n s t a n t  l o a d  on a g i v e n  p l a n  fo+m a r e a  ( t h r e e - h a l v e s  
p o w e r ) .  E q u a t i o n  ( 2 )  may p e r h a p s  r e s t  upon somewhat t o o  
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b r o a d  a r a n g e  of t y p e s  and d e s i g n s  f o r  p r e s e n t  p u r p o s e s .  
The re  i s  n e v e r t h e l e s s  t h e  c l e a r  i m p l i c a t i o n  t h a t  t h e  hy- 
drodgnamic c h a r a c t e r i s t i c s  must have  b e e n  f o u n d  t o  b e  i n -  
h e r e n t l y  improved b y  i n c r e a s e  o f  l e n g t h - b e a n  r a t i o ;  o t h e r -  
w i s e ,  i t  i s  d i f f i c u l t  t o  s e e  how t h e  h i g h e r  l o a d i n g  c o u l d  
have b e e n  a c c e p t a b l e .  Th i s  i m p l i c a t i o n  vas emphas ized  i n  
l a y i n g  o u t  t h e  t e s t  s c h e d u l e s  f o r  t h e  p r e s e n t  i n v e s t i g a t i o n ,  

The m a j o r  p u r p o s e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  was t o  
p r o v i d e  comprehecs ive  hydrodynamic d a t a  f o r  r e l a t e d  models 
of d i f f e r i n g  length-beam r a t i o ,  as a b a s i s  for a n a l y s e s  o r  
compar i sons  o f  w h a t e v e r  t y p e  d e s i r e d .  An a u x i l i a r y  p u r p o s e  
was t o  s t u d y  t h e  q u e s t i o n  brought  o u t  in t h e  f o r e g o i n g  d i s -  
c u s s i o n ;  namely, t h e  r a t e  at which t h e  l o a d i n g  p e r  u n i t  p l a n  
form area may s u c c e s s f u l l y  be i n c r e a s e d  A S  t h e  length-beam 
r a t i o  i s  i n c r e a s e d .  For t h e  f i r s t  p u r p o s e ,  t h e  e x p e r i m e n t a l  
d a t a  a r e  p r e s e n t e d  i n  g e n e r a l  f o r m ,  i n  t e r m s  of t h e  u s u a l  
I?ACA n o n d i n e n s i o n a l  c o e f f i c i e n t s ,  A s  a s t a r t  toward  t h e  
second  p u r p o s e ,  two r e p r e s e n t a t i v e  c o m p a r i s o n s  a r e  p r e s e n t e d  
of s e l e c t e d  models ,  t o  show t h e  i n f l u e n c e  of length-beam 
r a t i o  u n d e r  f i x e d  l o a d i n g  c o n d i t i o n s ,  

V 

p’ P r e v i o u s  e x p e r i m e n t a l  i n v e s t i g a t i o n s  of t h e  e f f e c t s  o f  
a l t e r i n g  length-beam r a t i o  have b e e n  r e p o r t e d  i n :  

U . S . E . M . B .  R e p o r t  P a .  51 and r e f e r e n c e  3 and  4 (1922, 
1934,  and 1937,  r e s p e c t i v e l y ) ,  wh ich  a r e  c o n c e r n e d  
p r i m a r i l y  w i t h  r e s i s t a n c e  c h a r a c t e r i s t i c s  

R e f e r e n c e  5 ,  J u n e  1943,  which c o n s i d e r s  r e s i s t a n c e  atld 
p o r p o i s i n g  

R e f e r e n c e  1, Oc tobe r  1943,  wh ich  c o n s i d e r s  r e s i s t a n c e  
Rnd s p r a y  

R e f e r e n c e  6 ,  December 1943, wh ich  c o n s i d e r s  t h e  s p r a y  
a t  t h e  bow n . t  l o w  t a x y i n g  s p e e d s  i n  waves ( w i n d s h i e l d  
wet t i n g )  

R e f e r e n c e  7 ,  November 1943, which  c o n s i d e r s  s p r a y  

The p r e s e n t  i n v e s t i g a t i o n  was c o n d u c t e d  a t  t h e  S t e v e n s  
I n s t i t u t e  of Technology.  Except f o r  t h e  work on bow-spray 
c h a r a c t e r i s t i c s ,  i t  was conducted  undor  t h e  s p o n s o r s h i p  o f ,  

c, and w i t h  f i n a n c i a l  a s s i s t a n c e  f r o m ,  t h e  N ? . t i o n a l  A d v i s o r y  

Y 
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C o n n i t t e e  f o r  A e r o n a u t i c s .  The bow-spray w o r k  i n  r o u g h  
w a t e r  was c a r r i e d  o u t  f o r  t h e  Bureau  o f  A e r o n a u t i c s ,  3T'n.v~ 
D e p n r t n e n t ,  b u t  a summary o f  t h e  r e s u l t s  has s u b s e q u e n t l y  
been  p u b l i s h e d  by t h e  NAGB, ( S e e  r e f e r e n c e  6 . )  

SCOPE OF THE EXPERIMENTAL I B V E S T I G A T I O M  

Four  n o d e l s  were  used :  

5.07 6,19 7032 g.45 
n*_ -- - - L/b 

Model No. 339-22 339-1 339-23 339-46 

The p a r e n t  f o r  t h e  s e r i e s  was S t e v e n s  Model No. 339-1, 
wh ich  had t h e  l i n e s  of t h e  XPB2M-1 .  The o t h e r  t h r e e  mod- 
e l s  w e r e  d e r i v e d  s y s t e m a t i c a l l y  f r o r n  t h e  p a r e n t ;  t h e  r e l -  

.) Rtive l e n g t h - b e a n  r a t i o s  a r e  

0 , 8 2  1.00 l"18 1 . 3 6  
f' 

The f i r s t  t h r e e  n o d e l s  were  p r e v i o u s l y  u s e d  f o r  r e s i s t -  
m c e  and  p o r p o i s i n g  s t u d i e s  r e p o r t e d  i n  r e f e r e n c e  5 ;  r r l l  
f c u r  n o d e l s  were  u s e d  i n  t h e  s t u d i e s  of bow s p r a y  i n  
r o u g h  w a t e r  r e p o r t e d  i n  r e f e r e n c e  6 .  

The f o l l o w i n g  c h a r a c t e r i s t i c s  were  i n v e s t i c a t e d :  

(a) B e s S s t % n c e ,  ove r  t h e  e n t i r e  s p e e d  r a n g e  t o  g e t -  
away 

(b) P o r p o i s i n g  and  t r imming moment, a t  p l a n i n g  s p e e d s  

( c )  Main f o r e b o d y  s p r a y  b l i s t e r ,  a,t s p e e d s  up t o  a n d  
i n c l u d i n g  t h e  hunp 

( a )  BOW s p r a y ,  i n  rough w a t e r  at t a x y i n g  speeds  

( e )  Yr,wing s t a b i l i t y ,  at s p e e d s  up t o  a n d  i n c l u d i n g  
t h e  hump 

I n  e a c h  i n s t a n c e ,  t h e  t e s t s  were made b y  " g e n e r a l "  methods 
s n d  i n  a c c o r d a n c e  w i t h  t h e  u s u a l  p r o c e d u r e s  a . t  t h e  S t e v e n s  
E x p e r i m e n t a l  Towing TaEk, n s  d e s c r i b e d  i n  p r e v i o u s  r e p o r t s .  
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Ranges o f  l o a d i n g  c o e f f i c i e n t  and get-away s p e e d  co- 
e f f i c i e n t  f o r  t h e  s e v e r a l  models were s e l e c t e d  f r o n  t h e  
a n a l y s e s  of p a s t  p r a c t i c e  d i s c u s s e d  i n  r e f e r e n c e  2* These 
a p p e a r e d  t o  b e  t h e  b e s t  i n f o r n a t i o n  a v a i l a b l e  a t  t h e  s t a r t  
o f  t h e  i n v e s t i g a t i o n ,  and i t  was c o n s i d e r e d  n e c e s s a r y  t o  
r e s t r i c t  t h e  b r e a d t h  of t h e  t e s t i n g  i n  some f a s h i o n ,  i n  
t h e  i n t e r e s t s  of  economy o f  t ime ,  The p e r t i n e n t  c h a r t s  
f r s m  r e f e r e n c e  2 are reprodi iced  h e r e  on f i g u r e  10, f r o m  
which  i t  i s  s e e n  tha t .  t h e  r a n g e s  o f  l o a d  c o e f f i c i e n t  v a r -  
i e d  i n  g e n e r a l  a c c o r d a n c e  w i t h  e q u a t i o n  ( 2 )  on p a g e  4- 
The a p p r o x i m a t e  t e s t  rar,ges s e l e c t e d  a r e  i n d i c a t e d  on  
t h e s e  c h a r t s ;  t h e  a c t u a l  r a n g e s  u s e d  a r e  l i s t e d  be low,  

- 5.07 6.19 - 7.32 8.45 

High 0.80 1 .40  2 , O O  3 , 2 0  
Ranges O f  cAo Low e 40 .60 1.00 1,60 

High* 10,O 12.0  1 3 . 6  1 6 . 0  
O f  cyG Low 5*4 6.2 7.4 8.6 

Ranges 

I t  w i l l  b e  s e e n  t h a t  t h e  r a n g e s  f o r  e a c n  s u c c e s s i v e  model 
o v e r l a p  t h o s e  o f  t h e  p r e c e d i n g  model. 

The bow-spray t e s t s  were rrLn a t  one  s p e e d ,  Cv = 1,05, 
w i t h  t h r e e  s i z e s  o f  waves,  hav ing  l e c g t h s  of 6 ,  4 ,  and 2 
beams,  a l l  w i t h  a l a n g t h - h e i g h t  r a t i o  o f  20, Fo r  each  
m o d e l  a t  each vave  s i z e ,  t h e  r u n s  '.Jere made a t  l o a d i n g s  
f r o n  0.60 up  t o  t h e  l o a d  c o e f f i c i e n t  a t  which t h e  
model swamped and sank.  

CA = 

MODBLS 

The h u l l  o f  t h e  XPB2Ii-1 was s e l e c t e d  f o r  t h e  p a r e n t  
model  of  t h e  s e r i e s ,  p r i m a r i l y  b e c a u s e  of t h e  l a r g e  back-  
g r o u n d  of e x p e r i e n c e  w i t h  t h i s  € o r a ,  and w i t h  v a r i o u s  

*These v a l u e s  a r e  nominal .  L i n i t a t i o n s  of t h e  t e s t -  
i n g  f a c i l i t i e s  p r e v e n t e d  r e a c h i n g  t h e  maximum v a l u e s  of  

d e s i r e d .  They were t h e r e f o r e  s i m u l a t e d  by a p p r o p r i -  

a t e  changes  o f  l o a d  i n  combina t ion  w i t h  t h e  maximum v a l u e  
of C v G  a t t a i n a b l e .  

cVG 
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t y p e s  o f  s:rst e m a t i c  m o d i f i c a t i o n s  of i t ,  a l r e a d y  a v a i l -  
a b l e  a t  t h e  S t e v e n s  Exner imen ta l  Towing Tank. (See  r e f -  
e r e n c e s  5, 5 ,  8 and 9.)  

The Rode l s  were b u i l t  t o  t h e  same beam, and t h e  same 
body p l a n s  were u s e d  f o r  a l l  f o u r  mode l s ;  t 5 e s e  a r e  g i v e n  
on f i g u r e  5 a t  f u l l  s i z e  f o r  t h e  models .  

The l e n g t h  was a l t e r e d ,  t h e r e b y  a l t e r i n g  t h e  l e n g t h -  
beam r a t i o ,  by a p p l y i n g  a c o n s t a n t  m u l t i p l i e r  t o  t h e  s t a -  
t i o n  s p a c i n g  of t h e  p a r e n t  model. The f o r e b o d y  s e c t i o n s  
were  s h i f t e d  i n  o r  out, a l o n g  l i n e s  p a r a l l e l  t o  a t a n g e n t  
t o  t h e  f o r e b o d y  k e e l  a t  t h e  main s t e p ,  and t h e  a f t e r b o d y  
s e c t i o n s  were s h i f t e d  a l o n g  t h e  a f t e r b o d y  k e e l .  T h i s  pro- 
c e d u r e  k e p t  t h e  s t e p  h e i g h t  and t h e  a f t e r b o d y  a n g l e  f i x e d  
f o r  t h e  s e r i e s ,  t h e r e b y  e l i m i n a t i n g  t w o  v a r i a b l e s  known 
f r o r r ,  p r e v i o u s  work ( r e T e r e n c e  5 )  t o  h a v e  m a j o r  i n f l u e n c e s  
on t h e  hydrodynamic perZormance i n  t h e i r  own r i g b L t ,  and 
o b v i o u s l y  e x t r a n e o u s  t o  an i n v e s t i g a t i o n  of 1 ength-beam 
r a t i o a  

No a t t e m p t  was made t o  e l i m i n a t e  changes  i n  v a r i a -  
b l e s  r e s u l t l n g  d i r e c t l y  f rom expanding  o r  c o n t r a c t i n g  t h e  
l e n g t h s  of t h e  fo rebody  and a f t e r ' oody ,  I n  t h i s  c o n n e c t i o n  
i t  i s  wor th  n o t i n g  t h a t  t h e  p a r e n t  form has a s l i g h t l y  
warped  f o r e b o d y  b o t t o m  i n  t h e  v i c i n i t y  of t h e  main s t e p .  
The amount of t h e  warp ing  was a u t o n a t i c a l l y  a l t e r e d  i n  
d i r e c t  T r o p o r t i o n  t o  t h e  changes  o f  l e n g t h ,  and s i n c e  
f o r e b o d y  bo t tom warping  i s  known t o  h a v e  a n  i n d e p e n d e n t  
e f f e c t  of i t s  own, t h e  changes which o c c u r r e d  i n  t h i s  
i n s t a n c e ,  though small ,  nay have  had some e f f e c t  on t h e  
r e s u l t s .  

The d i s t a n c e  f r o m  t h e  main s t e p  t o  t h e  r e a r  gun t u r -  
r e t  was h e l d  c o n s t a n t ,  thus a l l o w i n g  c o n s i d e r a b l e  changes  
o f  l e n g t h  i n  t h e  r o g i o 3  between t h e  s t e r n p o s t  and t h e  
t u r r e t .  The c h a r a o t e r  of  t h i s  r e g i o n  w a s  p r e s e r v e d  as 
f a r  as was p r a c t i c a b l e ,  and t h e  h e i g h t  o f  t h e  t u r r e t  was 
a d j u s t e d  s l i g h t l y  as seened d e s i r a b l e  t o  i n s u r e  c l e a n  
l i n e s "  

P r o f i l e  d r a w i n g s  o f  t h e  f o u r  models ,  a t  r e d u c e d  
s c a l e ,  a r e  g i v e n  on f i g u r e  6;  p e r t i n e n t  p a r t i c u l a r s  and 
s p e c i f i c a t i o n s  a r e  on page 26. 

For t h e  s t u d i e s  of bow s p r a y  i r ,  rough w a t e r ,  t h e  
f o r w a r d  p a r t  o f  e ach  fo rebody  was a c o m p l e t e  r e p r e s e n t a -  
t i o n  o f  tkie h u l l ;  t ha t  is, t h e  n o s e  and  w i n d s h i e l d  were  
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r eTroduced .  The w i n d s h i e l d  was l o c a t e d  t h e  same d i s t a n c e  
a f t  of t h e  f o r e p o i n t  and t h e  same d i s t a n c e  above t h e  tat- 
g e n t  t o  t h e  f o r e b o d y  k e e l  a t  t h e  s t e p  i n  a l l  c a s e s .  
S k e t c h e s  o f  t h e  p r o f i l e s  a r e  i n c l u d e d  on f i g c r e s  '7 and  8 ;  
f u r t h e r  d - e t a i l s  w i l l  b e  found i n  r e f e r e n c e  6 .  

The v a r i o u s  p i e c e s  of t e s t  e q u i p n e n t  u sed  f o r  t h e  
e x p e r i m e n t s  h e r e i n  r e p o r t e d  have been  d e s c r i b e d  i n  p r e v i -  
OGS r e 2 o r t s  of  t h e  S tevens  E x p e r i u e n t a l  Towing Tank w i t h  
t h e  e x c e p t i o n  o f  t h e  a p p a r a t u s  for g e n e r a l  p o r p o i s i n g  ex- 
p e r i m e n t s .  

The r e p o r t e d  r e s i s t a n c e s  inc l -ude  t h e  a i r  d r a g  
of t h e  model ;  t h e  a i r  d r a g  of t h e  a p p a r a t u s  w i t h  110 
model in p l a c e  h a s  been  s u b t r a c t e d .  

The equipmen? f o r  measu r ing  t h e  f o r e b o d y  s p r a y  
b l i s t e r  i s  d e s c r i b e d  in r e f e r e n c e  8. 

The eqgipment  u s e d  t o  p h o t o g r a p h  t h e  bow s p r a y  
i n  rough w a t e r  i s  d e s c r i b e d  i n  r e f e r e n c e .  6. 

The a p p a r a t u s  f o r  det .e_rmining yawiTAg s t s b i l i t y  
i s  d e s c r i b e d  i n  r e f e r e n c e  9 >  

The a p p a r a t u s  f o r  g e n e r a l  p o r p o i s i n g  t e s t s  i s  an  
a d a p t a t i o n  o f  t h e  a p p a r a t u s  used  f o r  s p e c i f i c  p o r F o i s i n g  
t e s t s ,  and d e s c r i b e d  ill r e f e r e n c e  5 ,  w i t h  t i l s  h y d r o f o i l  
system renove3 .  Changes of  loa& a r e  accompl i shed  by means 
of w e i g h t s  s o  a r r a n g e d  t h a t  t h e r e  i s  no  a l t e r a t i o n  t o  t h e  
mass i n  v e r t i c a l  o s c i l l a t i o n  when t h e  model i s  l o a d e d  o r  
u n l o a d e d ,  o r  d u r i n g  p o r p o i s i n g .  A p h o t o r r a p l i  of t h i s  ap-  
p a r a t u s  i s  on f i g u r e  9 .  

The d e t a i l e d  p r o c e d u r e s  r s e d  in t h e  v a r i o u s  e x p e r i -  
men t s  a r e  d e s c r i b e d  in t h e  same r e f e r e n c e s  i n  which t h e  
p i e c e s  of t e s t  equipment  a r e  d e s c r i b e d .  No new p r o c e d u r e s  
were  deve loped  f o r  t h e  work h e r e i n  r e p o r t e d .  

The c e n t e r  o f  g r a v i t y  was l o c a t e d  t h e  sanie d i s t a n c e  
a h e a d  of t h e  s t e p  and t h e  same d i s t a n c e  above  t h e  k e e l  i n  
a l l  f o u r  models .  The l o c a t i o n  chosen  was based  on t h e  
f i n d i n g s  of r e f e r e n c e  10, t o  p r o v i d e  s u i t a b l e  moment-trim 
r e l a t i o n s h i p s  i n  t h e  p l a n i n g  r ange .  The v a l u e s  u s e d  were :  
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C e n t e r  of  G r a v i t y  L o c a t i o n  

p e r c e n t  of  beam forward  o f  main s t e p  
p e r c e n t  of  beam above f o r e b o d y  k e e l  3 

For  t h e  g e n e r a l  p o r p o i s i n g  t e s t s ,  f i x e d  v a l u e s  o f  
t h e  mass i r ,  v e r t i c a l  o s c i l l a t i o n  and t h e  l o n g i t u d i n a l  
r a d i u s  of g y r a t i o n  were e s t a b l i s h e d .  The f i r s t  o f  t h e s e  
was b a s e d  upon t h e  r e l a t i o n s h i p  f o r  g r o s s  l o a d  u s e d  t o  
d e t e r m i n e  t h e  t e s t  r a n g e s  o f  l o a d i n g  f o r  t h e  v a r i o u s  nodelse 

L / 5  = 6.05 C A ~  ( s e e  p. 4 and  f i g .  10) 

t r a n s f o r m e d  t o  
3 

= pw (&) (3) 

where m i s  t h e  t o t a l  mass i n  v e r t i c a l  o s c i l l a t i o n .  The 
s e c o n d  was b a s e d  upon- t h e  r e l a t i o n s h i p  

J 

k = 0.225 L ( 4 )  

where k i s  t h e  r a d i u s  o f  g y r a t i o n .  Both t h e s e  r e l a t i o n s  
a r e  d i s c u s s e d  i n  r e f e r e n c e  13. 

The t a i l  damping was l i m i t e d  t o  0.25, one o f  t h e  

t h r e e  v a l u e s  o f  t h e  d i m e n s i o n l e s s  c r i t e r i o n  .& v b4 
d i s c u s s e d  i n  r e f e r e n c e  10. The u s e  of a s i n g l e  v a l u e  f o r  
a l l  f o u r  models means t h a t ,  i n  e f f e c t ,  t h e  t a i l  a r e a  and 
t h e  l e n g t h  ( i t s  d i s t a n c e  f r o E  t h e  c.g.1 were c o n s i d e r e d  
t o  r ema in  f i x e d  when t h e  h u l l  l e n g t h  w a s  a l t e r e d  w i t h  
beam c o n s t a n t .  

'The o v e r - a l l  a c c u r a c y  of t h e  r e s u l t s  can  b e s t  be  
j u d g e d  by t h e  s c a t t e r  o f  t h e  t e s t  p o i n t s  on t h e  v a r i o u s  
c h a r t s ,  I t  i s  b e l i e v e d  t h a t  i n d i v i d u a l  measurements  were 
made t o  w i t h i n  t h e  f o l l o w i n g  l i m i t s :  

R e s i s t a n c e  ( a t  d i s p l a c e m e n t  s p e e d s ) ,  pound . . . k0 .03  
( a t  p l a n i n g  s p e e d s ) ,  pound . . . . . . * O o . 0 5  

T r i m  ( d u r i n g  r e s i s t a n c e  t e s t s ) ,  deg . . . . . ~ 0 . 1  
( d u r i n g  p o r p o i s i n g  t e s t s ) ,  deg . . . . . . . kO.3  

Y a w  a n g l e ,  deg  . . , . .  . . .  . . . . . . .  . . . . . . . * O b 2  
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. . . . . . . . . . . .  fO, 2 T r  i L i m i  n g  moment i ncL-p ound 
'Yawing moment ( e x c e p t  i n  r e g i o n s  of dis- 

c o n t i n u i t y ) ,  i nch - round  . . . . . . . . . . .  *O.l 
Spray  d i m c n s i o n s ,  i n c h  . . . . . . . . . . . . .  *1/2 

PRXSENTATI ON OF TEST RESULTS 

The r e s u l t s  o f  t h e  t e s t s  a r e  p r e s e n t e d  i n  t e r m s  O f  
t h e  u s u a l  FACB "C" c o e f f i c i e n t s  : 

Load C o e f f i c i e n t  C, = A / w b 3  

Speed c o e f f i c i e n t  cv = v / f i  

CII  = I 4 / w b  4 

R e s i s t a n c e  c o e f f i c i e n t  CR = R . / w b 3  

Trimming moment, c o e f f i c i e n t  

Y a\*r i rig m om en t c o e f f i o i en t cyJr  = I!Iv/wb 4 

Dra f t  c o e f f i c i e n t  C6 = d / b  

Length/beam r a t i o  L/b 

where 

A l o a d  on w a t e r ,  pounds 

w s p e c i f i c  we igh t  o f  w;"ter, pounds per c u b i c  foot ,  
, (62.3 f o r  S t e v e n s )  

b b e a u  a t  main s t e p ,  f e e t  

v s p e e d ,  f e e t  p e r  second 

a c c e l e r a t i o n  o f  g r a v i t y ,  f p p t  ppr  sncond per  sacond  

R. r e s i s t a n c e ,  pounds  

11 t r imming  moment, pound-fee t  

NQ yawing moment, pound- fee t  

d d r a f t  of k e e l  a t  main step, f e e t  

21 l e n g t h  of hull from f o r e p o i n t  t o  s t e r n p o s t ,  f e e t  
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i’ioment d a t a  z r e  r e f e r r e d  t o  t h e  c e n t e r  o f  g r a v i t y ,  
and w a t e r  t r immir ,g  moments which t e n d  t o  r a i s e  t h e  bow 
a r e  c o n s i d e r e d  p o s i t i v e .  Water yawing mornents which t e n d  
t o  r o t a t e  t h e  bow toward t!ie s t a r t o a r d  ( r i g h t )  a r e  con-  
s i d e r e d  p o s i t i v e .  Y a w  a n g l e s  t o  s t a r b o a r d  a r e  c o n s i d e r e d  
p o s i t i v e  ,, 

F r i n  (7) i s  t h e  a n g l e  between t h e  t a n g e n t  t o  t h e  
f o r e b o d y  k e e l  a t  t h e  n a i n  s t e p  and t h e  h o r i z o n t a l .  

Y a w  ($1 i s  t h e  a n g l e  between t h e  c e n t e r  l i n e  o f  t h e  
h u l l  and t h e  c o a r s e ,  measured i n  a ? l a n e  p a r a l l e l  t o  t h e  
s t i l l - w a t e r  s u r f a c e .  

R e s i s t a n c e  

The r e s i s t a n c e  t e s t s  were i n  t w o  grou-ns:  f r e e - t o -  
t r i m  a t  d i s p l a c e m e n t  s p e e d s ,  and f i x e d  t r i n  a t  p1ani:ig 
s p e e d s .  

F i g u r e s  11 30 1 4  show f r e e - t o - t r i m  r e s i s t a n c e s  and  
t r i m  a n g l e s  o v e r  t h e  r ange  o f  d i s p l a c e m e n t  speeds .  The re  
is one c h a r t  f o r  e a c h  model, g i v i n g  CR and  7 a g a i n s t  
Cv, w i t h  Ch as p a r a m e t e r ,  

F i g u r e s  15 t o  31 show f i x e d - t r i m  r e s i s t a n c e s  and mo- 
ment c h a r a c t e r i s t i c s  a t  p l a n i n g  s p e e d s .  There  i s  a g roup  
of  c h a r t s  f o r  each  model ,  each ciAzrt r e l a t i r _ g  t o  a d i f -  
f e r e n t  v a l u e  o f  CV, and showing CR a g a i n s t  T w i t h  
CA and CN as p a r a a e t e r s .  The method o f  p l o t t i n g  is 
t h a t  d e v e l o p e d  by Dawson. (See r e f e r e n c e  11.) T r i n  
l i m i t s  o f  s t a b i l i t y ,  t a k e n  from t h e  c h a r t s  l i s t e d  i n  t h e  
f o l l o v i n g  p a r a g r a p h ,  a l s o  a r e  shown. 

P o r p o i  s i c g  

F i g u r e s  32  t o  35 show t r i m  l i m i t s  o f  s t a b i l i t y  f o r  
t h e  p l a n i n g  r a n g e ,  i n  t h e  condensed form of p l o t t i n g  d i s -  
c u s s e d  i n  r e f e r e n c e  1 0 .  There i s  one c h a r t  f o r  each  mod- 
e l ,  g i v i n g  t r i m  l i n i t s  a g a i n s t  a/ cA/cv. Contour s  o f  con- 
s t a n t  CEi a l s o  a r e  shown. The t r i m  l i n i i t s  a r e  c o n s i s t -  
e n t  w i t h  t h o s e  on t h e  r e s i s t a n c e  c h a r t s  f o r  t h e  p l a n i n g  
r a n g e ,  l i s t e d  i n  t h e  p r e c e d i n g  p a r a g r a p h s ,  

- 
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Main Forebody Spray B l i s t e r  

F i g u r e s  36  t o  39 show measurements  o f  t h e  l o c a t i o n  
o f  t h e  peak  o f  t h e  main fo rebodg  s p r a y  b l i s t e r ,  i n  t h e  
form of p l o t t i n g  d i s c u s s e d  i n  r e f e r e n c e  8 .  The p o s i t i o n  
o f  t h e  b l i s t e r  p e a k  i s  g i v e n  w i t h  r e s p e c t  t o  t h e  model ,  
a s  a f u n c t i o n  o f  CA and Cv,, There  i s  one c h a r t  f o r  
e a c h  model. 

Bow Spray  i n  Rough Water a t  Low Speed 

F i g u r e  4 0  shows p h o t o g r a p h s  o f  t h e  w o r s t  s p r a y  con-  
d i t i o n  a t  t h e  bow d u r i n g  t h e  c o u r s e  of a c y c l e  o f  wave 
e n c o u n t e r ,  as  s e l e c t e d  from a s e r i e s  of  e x p o s u r e s  t a k e n  
a t  t h e  r a t e  of  60 p e r  second and c o v e r i n g  s e v e r a l  cy- 
c l e s .  This  c h a r t ,  f o r  t h e  l a r g e s t  o f  t h e  t h r e e  wave 
s i z e s  c o v e r e d  i n  t h e  t e s t s ,  shows t h e  s p r a y  i n  t h e  f r e e -  
t o - t r i m  c o n d i t i o n  f o r  t h r e e  v a l u e s  o f  CA, and a t  t h e  
one v a l u e  of Cy s e l e c t e d  as r e p r e s e n t a t i v e  of t h e  w o r s t  
c o n d i  t i on. 

The s e r i e s  of pho tographs  on f i g u r e  40  i s  o n l y  p a r t  
of a l a r g e r  s e r i e s ,  r e p o r t e d  i n  r e f e r e n c e  9 ,  i n  which t h e  
l o a d i n g  was p r o g r e s s i v e l y  i n c r e a s e d  f rom CA = 0 . 6 0 ,  un- 
t i l  t h e  s p r a y  c o n d i t i o n s  became s o  bad t h a t  t h e  n o d e l  
swamped. The h i g h e s t  l o a d i n g s  a t  which e a c h  model s t a y e d  
a f l o a t  a r e  g i v e n  i n  t h e  f o l l o w i n g  t a b l e :  

L/b 5. 07 6.19 . 7.32 8.45 

cA 1 , 4 0  2,20 3 .00  3 , 6 0  . 

D i  r ec  t i  o n a l  S t a b i l i t y  

1% P i g u r e s  41 t o  44  show d iag rams  o f  yawing  moment c 
a g a i n s t  yaw a n g l e  J I ,  grouped t o  b r i n g  o u t  t h e  f u n c t i o n a l  
r e l a t i o n  of  t h e  yawing c h a r a c t e r i s t i c s ,  w i t h  Cb and Cv, 
i n  t h e  f r e e - t o - t r i m  c o n d i t i o n  a t  d i s p l a c e m e n t  s p e e d s ,  where 
yawing  i s  u s u a l l y  of  m o s t  impor t ance .  T h i s  form o f  p r e s -  
e n t a t i o n  i s  d i s c u s s e d  i n  r e f e r e n c e  E .  There  i s  one c h a r t  
f o r  e a c h  model. 
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The t a r m  Ilhookingll i s  used  on t h e s e  c h a r t s  t o  de- 
s c r i b e  t h e  c o n d i t i o n  i n  which t h e  u n s t e b l e  s l o p e  of t h e  
y a w i a ~  moment c u r v e  i s  S O  s t e e p  a t  small yaw a n g l e s  as  t o  
c o n s t i t u t e ,  i n  e f f e c t ,  a d i s c o n t i n u i t y ,  Very r a p i d  ynwiag,  
o r  hook iog ,  mag o c c u r  i n  t h e  f l y i n g  b o a t ,  and t h e  u n s t a b l e  
moments a r e  S O  h i g h  t h a t  even unba lanced  power ma:- be i n s u f -  
f i c i e n t  t o  c o u n t e r a c t  them u n l e s s  v e r y  r a p i d l y  a p p l i e d  a t  
t h e  f i r s t  sig:: of Yawing, 

I .  

COFWABI SGBS BETWEEN WODELS 

Use of t h e  usual  NAC.4 " C f r  c o e f f i c i e n t s  t o  p r e s e n t  
t h e  t e s t  r e s u l t s  conforms w i t h  common p r a c t i c e  i n  r e p o r t -  
i n g  t e s t s  on f l y i n g - b o a t  h u l l  n o d e l s  and  p e r m i t s  d i r e c t  
compar i sons  w i t h  t h e  r e s u l t s  of  t e s t s  on o t h e r  v a r i a b l e s ,  

I t  s h o u l d  b e  n o t e d  t h a t ,  because  t h e  c h a r a , c t e r i s t i c  
l i n e a r  d imens ion  i n  t h e  SAGA c o e f f i c i e n t s  i s  t h e  beam, 
t h e  u s e  of t h e s e  c o e f f i c i e n t s  means t h a t ,  i n  e f f e c t ,  
h u l l s  o f  d i f f e r i n g  length-beam r a t i o  a r e  compared on t h e  
b a s i s  of e q u a l  beam and d i f f e r i n g  l e n g t h .  The c h a r t s  of  
t e s t  r e s u l t s  enumera ted  i n  t h e  p r e c e d i n g  s e c t i o n  c a n  
t h e r e f o r e  be  u s e d  a s  t h e y  s t a n d  t o  e v a l u a t e  t h e  e f f e c t s  
o f  a l t e r i n g  l e n g t h  on g i v e n  beam. 

The e f f e c t s  o f  a l t . e r i n g  bean on g i v e n  l e n g t h  can  b e  
e v a l u a t e d  by e n t e r i n g  t h e  c h a r t s  o f  t e s t  r e s u l t s  w i t h  t h e  
f o l l o w i n g  r e l a t i v e  v a l u e s ,  where t h e  p a r e n t  model 
(L/b = 6 . 1 9 )  i s  c o n s i d e r e d  as t h e  b a s i c  s t a r t i n g  p o i n t .  

L/b 
- 
Bean, b 

Length Cons tan t  

5.07 6.19 7.32 8.45 
(percent > (percent 1 (percent) (percent ) 

122 100 84.6 7 3 * 3  

CA ( f o r  constant A )  55 100 165 254 

CR ( for  constant R) 55 100 165 254 

CV (for constant V) 90.5 100 109 117 
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S i n i l a r l y ,  t h e  e f f e c t s  o f  a l t e r i n g  length-beam r a t i o  
w i t h  c o n s t a n t  p l a n  f o r m  a r e a  can b e  e v a l u a t e d  by e n t e r i n g  
t h e  c h a r t s  w i t h  

5.97 6 ~ g  7032 8.45 
(percent) (percent) (percent) (percent) --- ---- --- 

L x b  100 100 100 100 

L 

b 111 100 92 g5.5 

CA (for constant A )  74.2 100 128 160 

CR ( fo r  constant R) 74.2 100 128 160 

CV ( f o r  constant V) 95.2 100 104 log 

As i s  p o i n t e d  0u . t  i n  t h e  I n t r o d u c t i o n ,  compar i sons  
on t h e  'oasis of c o n s t a n t  p l a n  form a r e a  a r e  b e l i e v e d  t o  
e l i m i n a t e  most n e a r l y  t h e  e f f e c t s  o f  d i f f e r e n c e s  o f  s i e e  . 
a n d ,  t h e r e f o r e ,  t o  p r o v i d e  t h e  b e s t  i n d i c 3 , t i o n  o f  t h e  i n -  
f l u e n c e  o f  l ength-beam r a t i o  a l o n e .  A c c o r d i n g l y ,  a corn- 
p a r i s o n  of t h i s  t y p e  h a s  been  worked o u t  f r o 3  t h e  c h a r t s  
of t e s t  r e s u l t s  and  i s  p r e s e n t e d  on f i g u r e  2, 

A second compar i son ,  b u t  on t h e  b a s i s  of c o n s t a n t  
beam w i t h  v a r y i n g  l e n g t h ,  i s  i n c l u d e d  on f i g u r e  3 i n  
o r d e r  t o  b r i n g  o u t  d i f f e r e n c e s  r e s a l t i n g  from a f a i l u r e  
t o  e l i m i n a t e  s i z e  changes .  The i n t r o d u c t i o n  of a t h i r d  
c o m p a r i s o n ,  on  t h e  b a s i s  of c o n s t a n t  l e n g t h  w i t h  v a r y i n g  
beam, was c o n s i d e r e d ,  b u t  d e c i d e d  a g a i n s t  on t h e  g round  
t h a t  i t  would mere ly  i l l u s t r a t e  a n o t h e r  way o f  i n t r o d u c -  
i n g  s i z e  c h a n g e s ,  and  t h e r e f o r e  n o t  add  m a t e r i a l l y  t o  t h e  
d i s c u s s i o n  a t  t h i s  p o i n t .  

Eac3  o f  t h e  t w o  compar isons  shows t h e  hydrodynamic  
c h a r a c t e r i s t i c s  o f  p a r t i c u l a r  models ,  h a v i n g  t h e  f o u r  
l e n g t h - b e a n  r a t i o s  c o n s i d e r e d  i n  t h e  i n v e s t i g a t i o n ,  com- 
p a r e d  u n d e r  f i x e d  c o n d i t i o n s  o f  load and  speed .  The same 
l o a d - s y e e d  r e l a t i o n s h i p  i s  u sed  f o r  b o t h  c o m p a r i s o n s ,  and  
t h e  p a r e n t  model (L/b = 5.19) i s  i d e n t i c a l  i n  s i z e  i n  b o t h  
c a s e s .  The d a t a  a r e  g i v e n  a t  model s i z e ,  and v a r i o u s  

J Y 
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p a r t i c u l a r s  f o r  t h e  s e v e r a l  models a r e  l t s t e d  on t h e  
s h e e t s .  Data a r e  g i v e n ,  o r  r e f e r r e d  t o ,  f o r  each  of t h e  
f i v e  c h a r a c t e r i s t i c s  cove red  by t h e  i n v e s t i g a t i o n ,  

With r e f e r e n c e  t o  e i t h e r  o f  t h e  compar i sons  ( f i g .  2 
o r  f i g .  3) i t  may b e  s a i d  t h a t ,  t o  a f i r s t  a p p r o x i m a t i o n ,  
i n c r e a s i n g  t h e  length-beam r a t i o  - 

( a )  H e l p s  t h e  hump r e s i s t a n c e  and  t r i m ,  b u t  s h i f t s  
t h e  hump t o  h i g h e r  speed .  

( b )  I i e lps  t h e  h igh-speed  r e s i s t a n c e ,  

( c )  I n j u r e s  t h e  s t a b l e  r ange  of t r i m  a n g l e s .  

( d )  Lowers t n e  h e i g h t  o f  t h e  n a i n  s p r a y  b l i s t e r .  

( e )  Reduces t h e  bow s p r a y  at t a x y i n g  s p e e d s  i n  
r ough w a  t e r  . 

( f )  I n j u r e s  t h e  yawing s 3 a b i l i t y  s l i g h t l y ,  t hough  
n o t  m a t e r i a l l y  a l t e r i n g  t h e  s p e e d  r a n g e s  
f o r  t h e  v a r i o u s  t y p e s  o f  yawing  s t a b i l i t y .  

The f i r s t  t w o  o f  t h e s e  c o n c l u s i o n s  a r e  t h e  same as  were  
r e a c h e d  by B e l l ,  G a r r i s o n ,  and  Zeck, i n  r . e f e r e n c e  1, 

A t  f i r s t  g l a n c e ,  t h e  d i f f e r e n c e s  be tween t h e  t w o  C O X -  
p a r i s o n s  may n o t  a p p e a r  v e r y  s t r i k i n g .  T h i s  i s  p e r h a p s  
f u n d a m e n t a l l y  b e c a u s e ,  from a n  a b s t r a c t  p h y s i c a l  p o i n t  of 
v i e w ,  t h e  o v e r - a l l  r ange  o f  change of t h e  length-beam 
r a t i o  was not v e r y  g r e a t .  From a p r a c t i c a l  p o i n t  o f  v iew,  
however ,  t h e  r a n g e  o f  change was c o n s i d e r a b l e ,  and t h e  
d i f f e r e n c e s  be tween t h e  compar isons  a r e  i m p o r t a n t ,  Thus, 
when t h e  length-beam r a t i o  i s  i n c r e a s e d ,  i t  i s  s e e n  t h a t  
i n  t h e  second compar ison  (beam c o n s t a n t )  as compared w i t h  
t h e  f i r s t  ( p l a n  form a r e a  c o n s t a n t )  - 

( a )  The improvement i n  hcmp r e s i s t a n c e  5 s  g r e a t e r .  

( 3 )  The improvement i n  h igh-speed  r e s i s t a n c e  i s  l e s s .  

( c )  The i n j u r y  t o  t h e  s t a b l e  r a n g e  o f  t r i m  a n g l e s  i s  
l e s s .  

( a )  The l o w e r i n g  o f  t h e  t ia in  s p r a y  b l i s t e r  i s  g r e a t e r .  
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( e )  The r e d u c t i o n  o f  bow s p r a y  i s  m a t e r i a l l y  g r e a t e r .  

( f )  The i n j u r y  t o  t h e  yawing s t a b i l i t y  i s  a l i t t l e  
l e s s .  

A more d e t a i l e d  s t u d y  of t h e  c o m p a r i s o n s  seems t o  
i n d i c a t e  w i t h  some c l a r i t y  t h a t ,  f o r  t h e  l o a d i n g  c o n d i -  
t i o n s  r e p r e s e n t e d ,  e length-beam r a t i o  o f  5,07 i s  t o o  
smal l ,  and  a length-beam r a t i o  o f  8.45 i s  t o o  l a r g e .  
T h i s  s t a t e m e n t  i s  b a s e d  upon t h e  a p p e a r a n c e  o f  abnormal  
t r e n d s  i n  t h e  p r i n c i p a l  c h a r a c t e r i s t i c s ,  r e s i s t a n c e ,  t r i m  
l i m i t s  o f  s t a b i l i t y ,  and m a i n - s p r a y - b l i s t e r  h e i g h t .  Spe- 
c i f l c a l l y ,  

With L / b  = 5.07, t h e  r e s i s t a n c e s  and t h e  main s p r a y  
b l i s t e r  i n c r e a s e  abnormal ly .  

With L/b = 8 - 4 5 ,  t h e  s t a b l e  r a n g e  o f  t r i m  a n g l e s  
d i m i n i s h e s  abnorma l ly ,  

Tne o t h e r  t w o  c h a r a c t e r i s t i c s ,  bow s p r a y  and  yawing s t a -  
b i l i t y ,  w h i l e  p r o b a b l y  of seconi iary i m p o r t a n c e ,  n e v e r t h e -  
l e s s  d o  z o t  o f f e r  c o n t r a d i c t o r y  e v i d e n c e  i n  t h i s  connec-  
t i o n .  

Suppose ,  now,  t h a t  t h e  p a r e n t  h u l l  were  i n c r e a s e d  i n  
length-beam r a t i o ,  from i t s  a c t u a l  v a l u e  o f  5,19, t o  7 .32  
o r  t h e r e a b o u t s  e 

(1) If t h e  p l a n  f o r m  a r e a  were h e l d  c o n s t a n t  (beam 
d i n i n i s h e d )  - , :  

(a) The hump and h igh-speed  r e s i s t a n c e s  would. 
be  d e c r e a s e d .  

(b) The lower  l i m i t  of  s t a b i l i t y  would b e  
r a i s e d .  

( c )  The s p r a y  b l i s t e r  h e i g h t  would b e  l a r g e l y  
u n a f f e c t e d .  

( 2 )  If t h e  p l a n  f o r m  a r e a  wer'e i n c r e a s e d  (bean  con-  
s t a n t )  - 

( a )  The hunp r e s i s t a n c e  would b e  a l i t t l e  
lower  t h a n  b e f o r e ,  and t h e  h i g h - s p e e d  
r e s i s t a n c e  a l i t t l e  h i g h e r .  
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( b )  The lower  limit o f  s t a b i l i t y  would n o t  be  
r a i s e d  a s  much a s  b e f o r e .  

( c )  The s p r a y  b l i s t e r  h e i g h t  w o u l d  b e  lowered .  

D I SCU S SI ON 

I n  a p p r a i s i n g  t h e  r e s u l t s  o f  a s t u d y  of  t h e  p r e s e n t  
t y p e ,  t h e  manner i n  which t h e  changes o f  t h e  v a r i a b l e  
u n d e r  c o n s i d e r a t i o n  a r e  e f f e c t e d  i n  t h e  models  h a s  an 
i m p o r t a n t  b e a r i n g .  The a i m  must b e  t o  a v o i d  changes  o f  
o t h e r  v a r i a b l e s ,  as  f a r  as t h i s  i s  p r a c t i c a b l e .  I n  t h e  
p r e s e n t  i n s t a n c e ,  i t  i s  b e l i e v e d  t h a t  by a v o i d i n g  changes  
of s t e p  h e i g h t  and  a f t e r b o d y  a n g l e ,  t h e  l a r g e s t  of t h e  
e x t r a n e o u s  v a r i a b l e s  which might o t h e r w i s e  have  s e r i o u s l y  
i n t e r f e r e d  w i t h  a n  a d e q u a t e  e v a l u a t i o n  of t h e  i n f l u e n c e  
of  l e n g t h - b e a n  r a t i o  have  been e l i m i n a t e d .  On t h e  o t h e r  
h a n d ,  changes  r e s u l t i n g  s o l e l y  from t h e  a l t e r a t i o n s  o f  
p r o p o r t i o n ,  and  t h e r e f o r e  t h e  d i r e c t  consequence  o f  t h e  
c h o i c e  o f  p a r e n t  form,  have  been p r e s e r v e d  as l e g i t i m a t e ;  
t h e y  a r e  b e l i e v e d  t o  have  been t r e a t e d  f a i r l y  i n  t h e  meth- 
o d  a d o p t e d  f o r  a l t e r i n g  t h e  l e n g t h .  

Length-beam r a t i o  i s  a v a r i a b l e  wnich d i f f e r s  f r o m  
most o t h e r  v a r i a b l e s  c h a r a c t e r i z i n g  h u l l  f o r m  ( s u c h  a s  
d e a d - r i s e  a n g l e ,  a f t e r b o d y  a n g l e ,  e t c . )  i n  t h a t ,  u n l e s s  
s p e c i a l  p r e c a u t i o n s  a r e  t a k e n ,  i t s  e f f e c t s  e r e  l i k e l y  t o  
b e  c o n f u s e d  w i t h  t h e  e f f e c t s  of changes  of s i z e ,  The 
p r e c a u t i o n s  t a k e n  h e r e i n ,  o f  i n t r o d u c i n g  a c o n p a r i s o n  o f  
h u l l s  o f  d i f f e r i n g  length-beam r a t i o  on a b a s i s  o f  con- 
s t a n t  p l a n  form a r e a ,  i s  b e l i e v e d  a d e q u a t e  t o  a v o i d  con- 
f u s i o n  on t h i s  p o i n t ,  

The t w o  compar i sons  of s p e c i f i c  h u l l s  a c t u a l l y  c a r -  
r i e d  t h r o u g h  on f i g u r e s  2 and  3 g i v e  a n  O v e r - a l l  p i c t u r e  
of  th.e i n f l u e n c e  o f  length-beam r a t i o ,  w i t h  and w i t h o u t  a 
change  o f  h u l l  s i z e  ( a s  a r b i t r a r i l y  d e f i n e d ) ,  f o r  l o a d i n g  
c o n d i t i o n s  a p p r o x i m a t i n g  t h o s e  of c u r r e n t  p r a c t i c e ,  These 
c o m p a r i s o n s  a r e  i n d i c a t i v e ,  bu t  t h e y  make no p r e t e r , s e  of 
c o v e r i n g  a l l  t h e  r a m i f i c a t i o n s  which a l t e r a t i o n s  of  l e n g t h -  
beam r a t i o  may i n v o l v e ,  o r  of b e i n g  c o n c l u s i v e  i n  them- 
s e l v e s ,  I n  p a r t i c u l a r ,  t h e y  d o  n o t  d e l i n e a t e  c l e a r l y  t h e  
r a t e  a t  which t h e  l o a d i n g  may b e  i n c r e a s e d  w i t h  i n c r e a s e  
o f  length-beam r a t i o ,  o r  t h e  maximum l o a d i n g s  p o s s i b l e ,  
They a r e  t h o u g h t  t o  p r o v i d e  a s u i t a b l e  p a t t e r n ,  however ,  
f o r  a more e x t e n d e d  s e r i e s  of compar i sons  aimed a t  c l a r i f y -  
i n g  t h e s e  m a t t e r s  more f u l l y .  
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The d a t a  on page  13, f r o m  t h e  t e s t s  f o r  bow sDray in 
rough w a t e r ,  a f f o r d  d i r e c t  e v i d e n c e  r e g a r d i n g  maxim-rr. pos-  
s i b l e  l o a d i n g s .  I t  i s  s e e n  i n  t h e  f o l l o w i n g  t a b l e  t h a t  
t h e  v a l u e s  o f  CA j u s t  p r i o r  t o  swamping a r e  w e l l  ex-  
p r e s s e d  hy  %he  e q u a t i o n  

'Amax = K (L /b ) "  

where K h a s  a mean v a l u e  o f  0.0546 

L/b 5.07 6.19 7,32 8.45 

1 . 4 0  2.20 3.00 3.63  'brnax 
n 

'A m ax 

( L / b I 2  
H =  0545 .0574 - 0 5 6 0  .0504 

The p r e c e d i n g  e q u a t i o n  h a s  t h e  same form as t h e  
e q u a t i o n  a d o p t e d  3;. P a r k i n s o n  i n  r e f e r e n c e  7 i n  d i s c u s s -  
i n g  sp ra j r ,  e x c e p t  t h a t  i t  uses t h e  t o t a l  l e n g t h  L i n -  
s t e a d  of t h e  f o r e b o d y  l e n g t h  L f .  S i n c e  t h e  r c _ ? t i o  of 
L f / L  f o r  t h e  p r e s e n t  s e r i e s  o f  models  i s  0 ,556 ,  t h e  
e q u a t i o n  

= 0.0546 ( L / b ) 2  
'Anax 

becomes 

'Amax = 0.1760 ( L f / % ) a  

when ( L f / 3 ) 2  i s  s u b s t i t u t e d  f o r  ( L / b ) ' .  
s t a n t  f o r  maximum p o s s i b l e  l o a d i n g  i s  some 2,5 t i m e s  as  
l a r g e  as t h e  c o n s t a n t  o f  0,0675, recommended i n  r e f e r e n c e  
7 f o r  " s a t i s f a c t o r y "  s p r a y  c h a r a c t e r i s t i c s  i n  normal  s e r v -  
i c e .  Apar t  f r o m  a l l  q u e s t i o n s  of t h e  e x a c t  v a l u e  a d o p t e d  
f o r  e i t h e r  c o n s t a n t ,  however ,  t h e  f a c t  seems c l e a r  t h a t  
t h e  beam l o a d i n g  can  b e  i n c r e a s e d  a s  t h e  s q u a r e  o f  t h e  
length-beam r a t i o ,  whichever  c o n d i t i o n  i s  u n d e r  c o n s i d e r a -  
t i o n .  

The 0.1760 con-  

I n  f u r t h e r  c o m p a r a t i v e  s t u d i e s  a l o n g  t h e  l i n e s  of  
f i g u r e s  2 and  3 ,  i t  is b e l i e v e d  p r a c t i c a l  t o  cons id .e r  
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o n l y  what h a v e  been  r e f e r r e d  t o  i n  t h i s  r e p o r t  a s  t h e  
Rpr i n c  i p a l  I' c h a r a c t e r  i s t i c s : 
t n e  main s p r a y  b l i s t e r .  The problem i s ,  e s s e n t i a l l y ,  t o  
f i n d  t h e  i n f l u e n c e  o f  length-beam r a t i o ,  s i z e ,  and l o a d -  
i n g ,  on t h e s e  c h a r a c t e r i s t i c s ,  P r e v i o u s  e x p e r i e n c e  h a s  
i n d i c a t e d  t h a t  u n d e s i r a b l e  bow s p r a y  o r  yawing c h a r a c t e r -  
i s t i c s  can  u s u a l l y  be  c o r r e c t e d  i n d e p e n d e n t l y ,  by r e l a -  
t i v e l y  small l o c a l  changes  which d o  n o t  a p p r e c i a b l y  a l t e r  
t h e  p r i n c i p a l  C h a r a c t e r i s t i c s .  

r e s  i s t a n c e ,  p o rp  o i  s i n g  , and 

P r a c t i c a l l y  a l l  t h e  n e c e s s a r y  d a t a  f o r  f u r t h e r  com- 
p a r a t i v e  s t u d t e s  a r e  a v a i l a b l e  i n  t h e  c h a r t s  o f  t e s t  r e -  
s u l t s  on f i g u r e s  11 t o  39. The on ly  r e s e r v a t i o n  i s  t h a t  
s i n c e  t h e  t e s t  r a n g e s  f o r  t h e  s e v e r a l  models  were l a i d  
o u t  i n  a c c o r d a n c e  w i t h  e q u a t i o n  (2 )  on p a g e  4 ,  as p r e v i -  
o u s l y  e x p l a i n e d ,  t h e  v a l u e s  of CA f o r  low-speed t e s t s  
a t  t h e  l a r g e r  v a l u e s  of length-beam r a t i o  may sometimes 
b e  found t o  b e  on t h e  h i g h  s i d e . *  

I t  has been  p o i n t e d  o u t  t h a t  d e s i r a b l e  v a l u e s  o f  t h e  
length-beam r a t i6 ,  as i n d i c a t e d  by t h e  p r e s e n t  i n v e s t i g a -  
t i o n ,  a p p e a r  t o  l i e  between t h e  t w o  e x t r e m e  v a l u e s  t e s t e d .  
The l o w e s t  v a l u e  t e s t e d ,  5 .07 ,  f a i l s  l a r g e l y  t h r o u g h  i t s  
e x c e s s i v e  r e s i s t a n c e  and Torebody s p r a y :  t h e  h i g h e s t  v a l -  
u e ,  8,45, f a i l s  b e c a u s e  of i t s  abnorma l ly  nar row r a n g e  O f  
s t a b l e  t r i m  a n g l e s ,  t h e  c a u s e  o f  which i s  n o t  v e r y  c l e a r ,  
b u t  may p e r h a p s  b e  l a i d  i n  p a r t  t o  t h e  t e s t  p r o c e d u r e ,  
A s  n o t e d  on p a g e  9 ,  a c o n s t a n t  mass was u s e d  f o r  each  
model i n  t h e  g e n e r a l  p o r p o i s i n g  t e s t s ,  t h i s  mass b e i n g  
p r o p o r t i o n a l  t o  t h e  cube o f  t h e  length-beam r a t i o  i n  con- 
f o r m i t y  w i t h  t h e  t e s t  r a n g e s  of CA,. Thus,  w i t h  t h e  
r a d i u s  of g y r a t i o n  p r o p o r t i o n a l  t o  t h e  l e n g t h ,  t h e  moment 
of  i n e r t i a  i n c r e a s e d  as t h e  f i f t h  power o f  t h e  l e n g t h -  
beam r a t i o .  S i n c e ,  i r ,  t h e  l i g h t  of t h e  t e s t  r e s u l t s  i n  
g e n e r a l ,  a r a t e  o f  i n c r e a s e  o f  l o a d i n g  i n  p r o p o r t i o n  t o  
t h e  cube  o f  t h e  length-beam r a t i o  now a p p e a r s  t o  b e  h i g h e r  
t h a n  i s  p r a c t i c a b l e ,  t h e  r a t e  o f  i n c r e a s e  o f  mass and mo- 
ment o f  i n e r t i a  a c t u a l l y  u s e d  p r o b a b l y  w a s  e x c e s s i v e .  
The e f f e c t  of t h e  moment of i n e r t i a  on t h e  s t a b i l i t y  l i m -  
i t s  p r e v i o u s l y  has been  found t o  be  s m a l l  ( r e f e r e n c e s  3 and 10,) 
but  t h e  changes  o f  moment o f  i n e r t i a  i n v o l v e d  i n  t h e  p r e s -  
e n t  i n s t a n c e  a r e  much g r e a t e r  t han  were p r e v i o u s l y  con- 
s i d e r e d ,  and may have  had more e f f e c t ,  

Should  f u r t h e r  s t u d y  i n d i c a t e  d i s t i n c t  a d v a n t a g e s  
*The c h a r t s  i n  t h e  appendix  h e l p  t o  overcome t h i s  

d i f f i cu  1 t y . 
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f o r  t h e  l a r g e s t  l ength-beam r a t i o  (8 .45)  f rom p o i n t s  O f  

v iew o t h e r  t h a n  p o r p o i s i n g ,  i t  i s  p o s s i b l e  t h a t  a d d i t i o n a l  
p o r p o i s i n g  t e s t s ,  made w i t h  lower  mass and  moment O f  i n e r -  
t i a ,  might  s h o w  an improvement i n  i t s  p o r p o i s i n g  c h a r a c -  
t e r i s t i c s .  P u r t h e r  c o n s i d e r a t i o n  n i g h t  wel l  b e  g i v e n ,  a t  
t h e  same t . ime, t o  t h e  v a l u e  o f  t h e  p i t c h - d a m p i n g  r a t e ,  
which ,  i n  t h e  p r e s e n t  t e s t s ,  was h e l d  t h e  same f o r  a l l  
f o u r  models .  R e f e r e n c e  10 may b e  r ev iewed  i n  c o n n e c t i o n  
w i t h  t h e  mass, rnonent of i n e r t i a ,  and p i t ch -damping  r a t e .  

I t  i s  i m p o r t a n t  t o  keep c l e a r l y  i n  mind that t h e  
p r e s e n t  i n v e s t i g a t i o n  r e f e r s  t o  a l t e r i n g  t h e  length-beam 
r a t i o  i n  a v e r y  s p e c i f i c  way-namely ,  b . ~  e x p a n d i n g  t h e  
f o r e b o d y  and a f t e r b o d y  l e n g t h s  i n  t h e  same r a t i o  and w i t h -  
o u t  c h a n g i n g  s t e p  h e i g h t  o r  a f t e r b o d y  a n g l e .  S i n c e  t h e  
f u n c t i o n s  of t h e  fo rebody  and  t h e  a f t e r b o d y  d i f f e r  i n  i m -  
p o r t a n t  r e s p e c t s ,  t h e i r  r e s p e c t i v e  l e n g t h s  have  c e r t a i n  
more o r  l e s s  i n d e p e n d e n t  e f f e c t s  on p e r f o r m a n c e .  Thus ,  
when t h e  two  l e n g t h s  a r e  a l t e r e d  i n  d i r e c t  p r o p o r t i o n  t o  
e a c h  o t h e r ,  t h e  r e s u l t i n g  p e r f o r n a n c e  i s  bound t o  r e f l e c t  
t h e  combined i n f l u e n c e s  o f  b o t h  a l t e r a t i o n s .  For  example ,  
r e f e r r i n g  t o  t h e  compar ison  o n  f i g u r e  3 ,  i t  i s  t h o u g h t  
t h a t  t h e  p r o g r e s s i v e l y  lower  hump r e s i s t a n c e  o b t a i n e d  
when t h e  length-beam r a t i o  i s  i n c r e a s e d ,  i s  l a r g e l y  a t -  
t r i b u t a b l e  t o  t h e  l o n g e r  a f t e r b o d y  r a t h e r  t h a n  t o  t h e  
l o n g e r  fo rebody .  S i m i l a r l y ,  t h e  f a i l u r e  o f  t h e  g r e a t e s t  
l ength-beam r a t i o  t o  c o n t i n u e  t h e  downward t r e n d  i n  p l a n -  
i n g  r a n g e  r e s i s t a n c e s  p r o b a b l y  i s  a t t r i b u t a b l e  t o  g r e a t e r  
w e t t i n g  of t h e  l o n g e r  a f t e r b o d y .  On t h e  o t h e r  hand ,  t h e  
s t r e n g t h  of  t h e  p r e s e n t  s t u d y  i s  t h a t  i t  p e r m i t s  a v i s u -  
a l i z a t i o n  o f  t h e  o v e r - a l l  consequences  o f  t h e  s i m p l e ,  
s p e c i f i c  change t o  which i t  r e f e r s .  

C 08 CLUD I N G REMARKS 

The t e s t  r e s u l t s  h e r e i n  p r e s e n t e d  p r o v i d e  t h e  n e c e s -  
s a r g  m a t e r i a l  f o r  s t u d i e s  o f  v a r i o u s  t y p e s  aimed at  c l a r -  
i f y i n g  t h e  s i g n i f i c a n c e  o f  length-beam r a t i o  f r o m  a hy- 
drodynamic  p o i n t  o f  view. 

On t h e  'basis of  t h e  f a m i l y  of models  i n v e s t i g a t e d ,  
and  t h e  l o a d i n g  c o n d i t i o n s  u s e d  i n  t h e  compar i sons  on 
f i g u r e s  2 and 3 ,  t h e  f o l l o w i n g  c o n c l u s i o n s  a r e  i n d i c a t e d :  

( 1 )  If t h e  p l a n  f o r m  a r e a  and t h e  l o a d i n g  c o n d i t i o n s  
L a r e  h e l d  c o n s t a n t ,  i n c r e a s i n g  t h e  length-beam r a t i o  - 
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( a )  H e l p s  t h e  hump r e s i s t a n c e  and  t r i m ,  b u t  

(b) Helps  t h e  high-speed r e s i s t a n c e s .  

s h i f t s  t h e  hump t o  h i g h e r  speed .  

( c )  I n j u r e s  t h e  s t a b l e  r a n g e  o f  t r i m  a n g l e s .  

(Ct) Lowers t h e  h e i g h t  o f  t h e  main s p r a y  b l i s t e r .  

( e )  Reduces t h e  bow s p r a y  a t  t a x y i n g  s p e e d s  i n  

(f) I n j u r e s  t h e  yawing s t a b i l i t y  s l i g h t l y ,  

rough w a t e r  . 
though n o t  m a t e r i a l l y  a l t e r i n g  t h e  s p e e d  
r a n g e s  f o r  t h e  v a r i o u s  t y p e s  o f  yawing  
s t  a’oili t y I  

( 2 )  I f  t h e  beam and t h e  l o a d i n g  c o n d i t i o n s  a r e  h e l d  
c o n s t a n t ,  t h e n ,  compared w i t h  t h e  f o r e g o i n g  c a s e  - 

’ ( a )  The improvement i n  hump r e s i s t a n c e  i s  
g r e a t e r  

( b )  The improvement i n  h igh - speed  r e s i s t a n c e s  i s  
l e s s .  

( c )  The i n j u r y  t o  t h e  s t a b l e  r a n g e  o f  t r i m  a n g l e s  
i s  l e s s .  

( d )  The l o w e r i n g  o f  t h e  main s p r a y  b l i s t e r  i s  
g r e a t e r  

( e )  The r e d u c t i o n  o f  bow s p r a y  i s  m a t e r i a l l y  
g r e a t e r .  

( f )  The i n j u r y  t o  t h e  yawing s t a b i l i t y  i s  much 
t h e  same. 

(3) It seems c l e a r  enough t h a t  t h e  beam l o a d i n g  can-  
n o t  b e  i n c r e a s e d  as r a p i d l y  as  i n  p r o p o r t i o n  t o  t h e  cube  
O f  t h e  length-beam r a t i o  ( e q u a t i o n  ( 2 )  on p.  4 )  w i t h o u t  
i m p o r t a n t  s a c r i f i c e s  i n  r e s p e c t  t o  one o r  more o f  t h e  
p r i n c i p a l  hydrodynamic c h a r a c t e r i s t i c s :  r e s i s t a n c e ,  p o r -  
poising, o r  main s p r a y o  A r a t e  p r o p o r t i o n a l  t o  t h e  s q u a r e  

t o  b e  more n e a r l y  t h e  maximum p o s s i b l e ,  
i o f  t h e  lengtll-beam r a t i o 1  as  d i s c u s s e d  on page  1 9 ,  a p p e a r s  

E x p e r i m e n t a l  Towing Tank, 
S t e v e n s  I n s t i t u t e  o f  Technology,  

Hoboken, 17. J., A p r i l  24, 1944. 



NAC-4 BRR No. 43'15 

APPEWOIX 

I'43TEOD FOB PR3SENTING THE PRIBCIPAL C H S R A C T E R I S T I C S  

OF I N O I V I D O A L  NODELS I N  CONDEXSED FOBW 

The p u r p o s e  o f  t h e  q p e n d i x  i s  t o  p r e s e n t  a condensed  
forin of r e p o r t  on t h e  p r i n c i p a l  c h a r a c t e r i s t i c s  of  i n d i v i d -  
u a l  models.  

Each o f  f i g u r e s  45, 4 6 ,  47, a n a  48 shows t h e  t e s t  r e -  
s u l t s  f o r  r e s i s t a n c e ,  p o r p o f s i n g ,  a n d  m a i n - s p r a y - b l i s t e r  
h e i g h t ,  f o r  one model :  

The m a i n  s p r a y  C h a r a c t e r i s t i c s  a r e  skfown a t  t h e  t o p  
i n  t h e  same form R S  on  f i g u r e s  36 t o  39. 

The f r e e - t o - t r i n  r e s i s t a n c e s  and t r ims  f o r  t h e  l o w e r  
h a l f  o f  t h e  t a k e - o f f  speed  r a n g e  ( i n  what has 
been  c a l l e d  t h e  d i s p l a c e m e n t  r a n g e )  a r e  show,  i n  
t h e  n i d d l e  o f  t h e  s h e e t  i n  t h e  c o l l a p s e d  f o r m  o f  
p l o t t i n g  d i s c u s s e d  i n  r e f e r e n c e  1 2  . 

The s t a b i l i t y  l i m i t s  and riionent c h a r a c t e r i s t i c s  f o r  
t h e  p l a n i n g  r a n g e  a r e  shown a t  t h e  b o t t o m  i n  t h e  
same f o r m  as on f i g u r e s  32 t o  35. Con tour s  o f  
r e s i s t a n c e  a t  p l a n i n g  s p e e d s  a r e  supe r impossd  as  
d i s c u s s e d  i n  r e f e r e n c e  1 2 .  

These  condensed  r e p o r t s  a r e  b e l i e v e d  t o  have  a g r e a t  
a d v a n t a g e  i n  t h a t  t h e y  condense o n t o  one  s h e e t  a l l  t h e  
p e r t i n e n t  i n f o r m a t i o n  on t h e  p r i n c i p a l  hydrodynamic c h a r -  
a c t e r i s t i c s  o f  a g i v e n  h u l l  f o r m .  I t  i s  hoped t h a t  t h e y  
may b e  u s e d  i n  someth ing  l i k e  t h e  sacie f a s h i o n  as an  a i r -  
f o i l  p o l a r  d i ag ram and t h a t ,  when t h e y  becono a v a i l a b l e  
f o r  a l a r g e r  nunbe r  of  h u l l  f o r m s ,  t h e y  w i l l  p r o v i d e  t h e  
d o s i g c e r  w i t h  a s i n p l e  t o o l  f o r  comparing h u l l  l i n e s .  
They r e p r e s e n t  a c o o r d i n a t i o n  o f  deve lopmen t s  toward t h i s  
end which  h a v e  been  i n  p r o g r e s s  a t  t h e  S t e v e n s  Experimen- 
t a l  Towing Tank f o r  s e v e r a l  y e a r s :  t h e y  c o n s t i t u t e  t h e  
n e x t  s t e p  f o l l o w i n g  t h e  work i n  r e f e r e n c e  1 2 .  Some f a i r -  
ing i s  n e c e s s a r i l y  done i n  t h e i r  p r e p a r a t i o n .  

I n  c o n n e c t i o n  w i t h  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  
c h a r t s  may b e  u s e d  t o  advan tage  i n  e x t r a p o l a t i n g  f o r  loads 
O u t s i d e  of t h e  t e s t  r a n g e s ,  
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TABLE I 

P A R T 1  CULdBS OF NODELS 

L/b 
Stevens hi!iodel No. 

5.07 6.19 7.32 8.45 
339-22 339-1 339-23 339-46 

Beam at  main step, in. . . . . . . . . .  5.40 5,40 5.40 5.40 
Hull length, forepoint t o  sternpost,  in. . 27.37 33.45 39.53 45.61 
sorebody length, in. . . . . . . . . . .  15.22 18.60 21.98 25.36 
Afterbody length, in. . . . . . . . . . .  12.15 14.85 17.55 20.25 
Step height, in. . . . . . . . . . . . . . . .  0.27 0.27 0.27 0.27 
Afterbody angle, deg . . . . . . . . . .  7.0 7.0 7.0 7.0 
Dead r i s e  at keel at main step, deg . . .  20.0 20.0 20.0 20.0 

Forebody length/beam . . . . . . . . . .  2.82 3.44 4.07 4.70 
Afterbody length/bem . . . . . . . . . .  2.25 2.75 3.25 3.75 
Step height, percent b . . . . . . . . .  5.0 5.0 5.0 5.0 

Porebody warping, deg/b - 2.1 1.7 1.4 1.2 
S t ernpo s t angle, deg * 8.25 8.00 7.75 7e50 

For t h e  g e n e r a l  p r o p o i s i n g  t e s t s ,  mean v a l u e s  o f  t h e  
mass i n  v e r t i c a l  o s c i l l a t i o n  and o f  t h e  moment of i n e r t i a  
were e s t a b l i s h e d  and used  throughout .  These were based on 
e q u a t i o n s  ( 3 )  and (4 ) ,  r e s p e c t i v e l y ,  on p a g e l o ,  and a r e  
shown below: 

1b . . . . . . . . . . . . . . . . .  3.35 6.10 10.05 15.50 A 0  * 
CA, . . . . . . . . . . . . . . . . . . . .  0.59 1.07 1.77 2.72 
I 13-j.n. 2 . . . . . . . . . . . . . . .  160 356 811 1658 
P' 

A l l  t r i m  a n g l e s  measured r e l a t i v e  t o  t h e  t a n g e n t  t o  
t h e  fo rcbody  k e e l  a t  main step. 
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BODY PLAN OF PARENT 

STEVENS MODEL NO. 339-1 
XPB2M-I 

L/b = 6.19 

STATION NOS. ARE INCHES AFT OF 

ER FOR THIS L/b. STATIONS REMAIN 
THE SAME FOR OTHER L/b RATIOS, 

THEIR SPACING BEING CHANGED BY A 
CONSTANT MULTl PLlE R. 

I F i g u r e  5. 
SCALE: FULL SIZE FOR MODEL 
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FULL NOSE PROFILE FOR ROUGH WATER TESTS 
(Sod Pogo 8)  
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(FROM REFERENCE 2) 
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F i g u r e  I O .  



. 



( 1  block = 10/40") Fia. 12 N A C A  ARR No.4F15 

rigure IL. 



. 
NACA ARR No. 4F15 ( I block = l0/40’) Fig. 13 

AND TRIM VS. 
SPEED COEFFICIENT 
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Figure 13. 
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PLOT OF RESISTANCE CO€FFICIENT vs. TRIM - 
FOR CONSTANT LOAD COEFCICIENT AT cv 3.25 

2 3 ~ 3 lb 16 I 
t lgure 15. 
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PLOT OF RESISTANCE COEFFICIENT VS. TRIM 
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Figure 19. 
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PLOT OF RESISTANCE COEFFICIENT vs. TRIM 
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PLOT OF RESISTANCE COEFFICIENT vs. TRIM 

I 1 FOR L / b =  7.32 I 

FOR CONSTANT U A O  GOEFFICIENT AT c, = 5 .56  
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Figure 26. 
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FOR CONSTANT LOAD COEFFICIENT AT Cv = 4.64 
WITH STAelLiTY LIMITS AND CONSTANT Ml l rENT LINES ADDED 

FOR L i  b =  8.45 
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Figure 29, 
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Figure 30. 
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EFFECT OF CHANGES OF LOAD 
AND LENGTH-BEAM RATIO ON 

BOW SPRAY IN WAVES 
OF H=O.3 beam AND L=6.0 beam 
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L / b  = 5.07 
MOOEL NO. 339-22 
MODEL BEAM: 5.40" 

0.35b f WO. OF STEP 
c'G'= 0.90b ABOVE KEEL 

WHERE TESTED: S.1.T. N0.I TANK 
DATE: I I - 4 - 43 

cr, = 0.588 (NOMINAL) 

k/L= 0.225 
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RAW OC 4 TO I 
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